(Trema orientalis Linn. Blume) SEEDS. Trema is one of tropical forest trees that have many advantages such as wood for construction, pulp and charcoal, leaves for medicine and bark for dye material. One constrain of the development of this species is the difficulties of the germination of the seeds and rapid seed deterioration after storing. Therefore, there should be found a method to solve the problem. This paper determines the proper method of priming to enhance the viability and vigor of Trema seeds after storage. Randomized Complete Design was employed in this trial by priming the seeds before and after storage. The treatments were priming methods including: control (no priming), matriconditioning with ash, osmoconditioning by soaking into 5% H 2 O 2 , humidify with water and hydrated-dehydrated process. The observed parameters were germination percentages, speed of germination, mean daily germination, germination value, and growth uniformity value. Results show the best treatment method for priming of seed of trema, both before storage and after storage is the treatment of hydration-dehydration. All the observed parameters gave increased values after using such treatment. Before storage, it could increase the value of germination percentage and speed of germination by 15% and 0.9% -etmal , respectively. After storage, treatment hydration-dehydration could increase the germination by 17% and the speed of germination by 1.25% -etmal . 
I. INTRODUCTION
The success of a plantation program is strongly dependent on its cultivation and the use of qualified seeds, which definitely have to be conditioned to achieve good seedlings that expected to give excellent stands. One of the prospective woody species to be developed in a plantation program is Trema (Trema orientalis Linn. Blume).
Trema is a multi-purpose species because all parts of the tree can be utilized for many purposes. The wood is flammable when dry and contains 4,576 cal/g of energy (Rostiwati et al., 2006) . The wood can also be used for tools, construction, pulp and paper, veneers, matches and charcoal. The leaf is good for pharmaceuticals as herbal and it is useful as well for animal feeds (Kurniaty et al., 2015) . However, the development of the species faces some problems concerning the viability of the seeds which takes long time to germinate and the rapid deterioration of the seeds after storage (Panjaitan, 2010) . The seed of Trema is physiologically categorized as intermediate (Kurniaty et al., 2015) . The quality of intermediate seeds will decrease gradually and this happens naturally. Seed quality is dependent upon initial seed quality, temperature, moisture content and mycoflora. Rapid deterioration occurs due to these environmental conditions which make it very difficult to keep the viability during storage (Jyoti & Malik, 2013) . After storage, the metabolism activities in the seed will decline and the viability of the seeds will eventually diminish (Kurniaty et al., 2015) .
To enhance the declining seed qualities and get high viability and vigor of the seeds after storage, priming is the solution (Moradi & Younesi, 2009) . Priming is a pre-treatment that control the rate of water intake by the seed, augment the mitochondria activity through biosynthesis process and the defensive of cell ultra-structures that make the seeds more standed to the pressure and enable to stimulate the growth easily (Zanzibar, 2010) . Priming the seeds can be carried out through hydropriming that is a way of soaking seed by using a specific solution (Halimursyadah & Murniati, 2008) . Priming will function on seeds to increase uniformity of germination and emergence from the soil, and thus enhance stand establishment (Hill, 2018) . Priming treatment can increase plant resistance to environmental stress, sub optimum, at low temperatures (Farooq et al., 2007) , it is also effect on drought stress which was reported by Farooq et al. (2009) .
One of the priming techniques is osmoconditioning (Rusmin, 2007) . Osmoconditioning is a regular process of water absorption (imbibition) by the seed, using a solution that has a lower osmotic potential as a media of imbibition. Osmoconditioning aims to speed up germination time, synchronize germination and improve the percentage of normal germination (Yuanasari et al., 2015) . To increase the ability of seed germination, the seeds can also be treated with low matrix potential media or matriconditioning media (Gholami et al, 2009; Mia et al., 2010) .
Apart of increasing the physiological quality of seeds, the methods of priming will result a physically better performance of the seed, it will be more fresh and brighter in color. The priming technique is applicable and affordable that makes it suitable to be a standard in handling of forest tree seeds (Zanzibar, 2010) . Priming treatments (seed hydration during a specific time followed by seed dehydration) could be an alternative germination pretreatment to improve plant establishment. Natural priming (via seed burial) promotes rapid and synchronous germination as well as the mobilisation of storage reserves; consequently, it increases seedling vigor (Lopez, 2014) . Naturally, seed is deteriorating over time. Seed deterioration during a period of storage is a chronological decline in term of time and physiological decline due to various environmental factors. Seed deterioration is a decrease of seed viability caused by the overall changes of seed cells and tissues either physically, physiologically or chemically. Deterioration is characterized by the decline of seed germination, increase of abnormal germinated seedlings, decrease of field emergences, impaired growth and development of plants, increase of sensitivity towards extreme environment (Panjaitan, 2010) . Priming is often used to re-increase the viability of seeds that have been reduced. Priming is also used for lengthening the storability of the seeds, thus it can maintain the viability and vigor of the seeds during storage (Utami et al., 2013) .
The main purpose of the priming is to increase the viability and vigor of aging seeds, as well as to make seedlings more competitive and tolerant to sub-optimum conditions. This method is suitable to be applied to the seeds that have slow germination and rapid deterioration.
Seeds of Trema have a problem with their germination that takes long time to sprouts due to the dormant characteristic of the seeds (Yuniarti & Kurniaty, 2016) . By using priming method, it is possible to speed up the time of seed germination and enhance the germination percentage. Hence the objective of the research was to determine the appropriate priming methods to enhance the viability and vigor of Trema (Trema orientalis Linn. Blume) seeds after storage.
II. MATERIAL AND METHOD

A. Location
The study was carried out in the laboratory and greenhouse of Forest Trees Seed Technology Research Centre in Bogor for four months from February to May 2015. The equipments included storage room at temperature of 27-29°C, germination beds, media of sterilized soil and sand.
B. Fruit Collection and Seed Extraction
Fruit of Trema was collected from Badung District, Bali Province in February, 2015. The materials for the trials were ash and H 2 O 2 (Hydrogen Peroxide) (Zanzibar, 2010; Zanzibar, 2011) . The fruits of Trema were collected by climbing the trees and cutting the fruit bearing branches using a pole with hooked pruner. Five sample trees were used to collect the fruits. Seeds were extracted by crushing the surface of the fruit with coarse sand, and washed under tap water, until the pulp and testa were removed. The cleaned seeds were then wind dried under shaded place.
C. Priming Treatments
There were two trials of treatments, i.e : 1) Priming before storage
The treatments used were matriconditioning with ash, soaking and/or moistening with water and hydrating-dehydrating. Seeds with no treatments were directly germinated.
Ash matriconditioning was carried out in a petri dish by placing a mixture of ash, seeds and water with a comparison of 4:1:1 (v/v). The mixtures were stirred evenly, then stored in an ambient room temperature (27-29°C ) for 3 x 24 hours and moistening with water every day.
Osmoconditioning with 5% H 2 O 2 : seeds were put in a beaker glass filled with a solution of 5% H 2 O 2 and water in a comparison of 3 : 1 (v/v). The mixtures were placed in an ambient room temperature (27-29°C) for 3 x 24 hours. Osmoconditioning by moistening the seeds: Seeds were arranged on a moist paper in a petri dish and placed in a germinator for 3 x 24 hours.
Hydration-dehydration : Seeds were put in a beaker glass, soaked with water for 24 hours, then wind dried at room temperature for 24 hours. The treatment was repeated 7 times, using fresh water in every treatment.
When all the priming treated seeds was done, the seeds were washed under tap water for 3-4 minutes and germinated in seed beds filled with a mixture media of soil and sand (1 : 1), then placed under greenhouse condition. The number of seeds for each treatment was 100 seeds with 4 replications.
The observation was carried out once the seedlings germinated, normally marked by the raising of a pair of leaves. The parameters observed were germination capacity, speed of germination, mean daily germination, germination value, and growth uniformity value.
2) Priming after storage
The fresh seeds were put in plastic containers stored under room temperature for one month. After being stored, the seeds were treated with priming methods as it was done above in point a). The trial was only conducted within 1 month storage due to the limitation of the seeds for research material. The parameters observed were germination capacity, speed of germination, mean daily germination, germination value, and growth uniformity value.
D. Design Experiment
Both trials were designed using Completely Randomized Design (Steel & Torrie, 1995) with priming methods as treatment factors, namely: matriconditioning with ash, soaking and/or moistening with water, and hydratingdehydrating. Deuteronomy 4 times @ 100 seeds.
E. Data Analysis
A completely randomized design (CRD) with priming methods as treatment factors. Data were analyzed by using analysis of variance (ANOVA). If there was a significant effect that was followed by Least Significant Difference (LSD) test.
III. RESULTS AND DISCUSSION
The Germination Percentage
The result of variance analysis of the influence of priming before (0 month) and after storage (1 month) on the capacity of germination of Trema seeds is presented in Appendix 1 and 2.
Based on the analysis of variance, priming treatments before and after storage, influenced significantly the values of germination percentage of Trema seeds. The differences were tested by Duncan's ( Figure 1 ).
Before and after storage treatments, the priming seeds of hydrated-dehydrated method resulted in the highest germination capacity of 89% for those seeds before storage and 78% for seeds after storage. Thus, it increases the germination capacity of about 15% before storage and 17% after storage compared to control ( Figure 1 ).
For Trema seeds, hydro-priming is the most appropriate method to increase the germination capacity. Studies have shown that seed priming can be used to improve germination, accelerate seedling emergence time, as well as increase seed longevity during storage and yield (Khan, Figure1 . Mean values of germination percentage of Trema seeds and their differences test in relation to the priming before and after storage
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1992). This is because hydro-priming increases the level of metabolites associated with the germination process and enzymes associated with the production of energy that allows the seeds to quickly reach a high level of moisture with a constant supply of oxygen (Duffus & Slaugther, 1985) . However, according to Rodriguez et al. (2015) hydro-priming should be undertaken with care in case seeds are infected with pathogens. According to Hadinezhad et al. (2013) hydro-priming is used as a pre-sowing or mid-storage treatment for seeds that have lost their vigor due to improper storage conditions. In the case of Trema seeds, the hydration-dehydration treatment caused increased germination capacity for those seeds that have not been stored previously. It was observed that seeds of Pongamia pinnata had the highest germination, shoot length, root length, germination rate index and seedling dry weight after being hydrated for 16 hours (Ramensh, 2007) .
Figure 1 also show priming treatments of ash matriconditioning, osmoconditioning with 5% H 2 O 2 , and immersing and/or moisturizing with water, resulting in lower values of germination capacity than control. In this case, there might be some reasons to explain it. According to Ruliansyah (2011) the use of rubbing ash as a media of matriconditioning caused damage to the seed coat, as the media contains silica element that is sharp enough to injure the coat when ash, water and seeds were mixed. The damaged seed coat would eventually affect the germination process that decreasing the viability of the seeds. Zanzibar (2017) mentioned that the use of hydrogen peroxide (H 2 O 2 ) at 5% concentration was adversely affecting the germination. In fact, the use of H 2 O 2 can cause interference or damage to the seed embryo. Mostly, the method of seed testing using H 2 O 2 uses a concentration of 1% to 3% and preferably in a stable form. Concentration above 1% of H 2 O 2 , usually may still adversely affect to the germination. In term of priming techniques using moist method, according to the priming should consider the level of seed coat hardness. The hard seed coat of Trema is more suitable to use immersion than by moisturizing the seeds.
The Speed of Germination
The result of variance analysis of the influence of priming before (0 month) and after storage (1 month) on the speed of germination of Trema seeds is presented in Appendix 3 and Appendix 4. Based on the analysis of variance, priming treatments before and after storage, influenced significantly the values of speed of germination of Trema seeds. The differences were tested by Duncan's ( Figure 2 ).
Before storage, the priming method of hydrated-dehydrated was enable to increase the speed of germination by about 0,9 % -etmal from control. The highest value of speed of germination rate (3.63 % -etmal was those of fresh seeds treated by hydrated-dehydrated treatment. (Figure 2) . Fujikura et al. (1993) demonstrated that hydropriming produced great improvement in the rate of germination, even more than osmo-priming, in cauliflower (Brassica oleracea L.). Contrary, Tian et al. (2014) mentioned that the seed of maize (Zea mays L.) was reduced in germination rate after water priming compared to reagents priming of GA at 10 mg/L, NaCl at 50 mM, and PEG at 15%.
Deterioration of seed is impossible to stop but it can be delayed. One way to do such delay is through a hydration-dehydration (priming) treatment . In principle, priming activates the internal energy sources of the seed (viability and seed vigor) and external energy sources (optimum germination condition). A proper priming given to the seeds will stimulate the growth of sprouts, brake the dormancy and decrease the sprouts mortality (Zanzibar, 2010) .
It was shown in Figure 1 and 2 that before being stored, the best priming for Trema seeds was hydrated-dehydrated treatment. The germination capacity and speed of germination was 89% and 3.63% -etmal , respectively. Thus, priming method of hydrated-dehydrated would be able to enhance the capacity and speed of germination by up to 15% and 0.9% -etmal compared to control, respectively. Unlikely, hydrated followed by dehydrated in bean (Phaseolus vulgaris) seeds treatment was the possible cause of the decrease of germination rate (Abebe & Moddy, 2009) .
After storage, the priming method of hydrated-dehydrated was enable to increase the speed of germination by about 1,25 % -etmal from control. The highest value of germination speed was those of fresh seeds treated by hydrated-dehydrated treatment. (Figure 2) .
After storage, the priming method of hydrated-dehydrated was enable to increase the speed of germination for about 1,25 % -etmal increment from control. The highest value of speed germination was those fresh seeds treated by hydrated-dehydrated treatment . (Figure 2) .
The storage was carried out for 1 month only because there was a limitation of the seeds for research material. After storage for one month, it was found that the best priming method was also the hydrated-dehydrated treatment that could increase the germination capacity up to 17% and speed of germination by 1.25% -etmal compared to control. Therefore, this method would be able to lengthen the storability of Trema seeds. Ibrahim et al. (2013) stated that upland rice (Oryza sativa) seeds can successfully be hydro primed for 12 hours and dehydrated the seeds by drying for 4 hours to get better germination and growth performance. Contrary to this finding, Abebe & Modi (2009) reported the failure of germination after hydrating the seeds of Phaseolus vulgaris for 4 and 8 hours. This might happen due to different characteristics of seed species, size of the seed, coat thicknesses that might get different cotyledonal cracking and higher leakage of nutrition (Mazibuko & Modi, 2005 , Quan et al. 2004 .
Hydrated-dehydrated treatment is capable to serve the requirement of optimum water from the time of imbibition to the end of activation process that is closed to the water potential at a room temperature. If the seeds were water saturated, then wind-dried, the seeds would release the water slowly and this condition was good for repairing deteriorated tissues. The refinement mechanism of deteriorated tissues occur simultaneously of which the seeds achieve their water content balance. In this condition the seeds will be trying to heal Figure 2 . Mean values of speed of germination of Trema seeds and their differences test in relation to the priming before and after storage.
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The priming is capable as well to break a dormancy. The circumstance condition of moist and dry surrounding the seeds will stimulate the embryo to continue their maturation (after ripening). This has been happening on kesambi (Scheleria oleosa) and teak (Tectona grandis) seeds (Zanzibar et al., 2008) . According to Zanzibar (2010) , the treatment of soaking was suitable for those seeds with a hard coat, meanwhile the treatments of hydrated-dehydrated and ash or sawdust matriconditioning were good for thin coat seeds.
Hydropriming, priming in CaCl 2 , KNO 3 , and ascorbic acid solution increased vigor index and speed of germination of long bean seeds. The advantages of these treatments could be maintained until 15 weeks of storage both in AC and ambient temperature. Hydropriming was the best choice for seed treatment before storage because it is cheap and easy to perform (Utami et al., 2013) .
The moist and dry treatment that was repeated several times will become a recovering mechanism of natural ageing and /or physical damage during seed handling. After controlling the rate of imbibition, priming will be activating the metabolism elements to start the process of germination. In addition, the radicle will be extending until the end of the activation phase. The treatment is discontinued before reaching the limit conditions of seed damage tolerance. Then, the priming seeds can be dried either to be stored, distributed or planted.
The use of hydrate-dehydrated technique is applicable on a large scale, because of being affordable and easy to be practiced. The proper priming will manage the requirement rate of seed water during germination and speed up the metabolism rate. This condition may cause the prolongation of the activity phase, giving physiological refinement to the seeds The priming will improve the activity of protease enzyme and the ability of embryo to synthesize protein and RNA, making it more resistant to unfavourable environmental condition. The priming can be done in two ways: osmoconditioning and matriconditioning. Mostly, forest tree seeds that have been deteriorating physiologically, their quality might be increased by using priming of osmocondition (moistening within a certain solution) or matricondition (moistening with ash or sawdust) (Zanzibar et al., 2011) .
The Mean Daily Germination
The result of variance analysis of the influence of priming before (0 month) and after storage (1 month) on the mean daily germination of Trema seeds is presented in Appendix 5 and Appendix 6.
Based on the analysis of variance, priming treatments before storage influenced significantly, but after storage not significantly on the values of mean daily germination of Trema seeds. The differences were tested by Duncan's ( Figure 3) .
It was revealed that the seeds treated by priming with hydrated-dehydrated method before storage resulted in high value of mean daily germination (1.26%) and was significantly different compared to the other treatments. Meanwhile, treatments after storage showed that there was no difference of mean daily germination among treatments (Figure 3) .
Mean daily germination is an average of germination percentage every day obtained from the value of germination percentage at the end of the observation divided by the number of testing day or the last germination day (Gairola, 2011). The mean daily germination indicates the ability of seeds to germinate at any day (Hidayat, 2007) . This means that priming treatment of hydrated-dehydrated method is able to optimize the ability of seeds to germinate every day compared to the other treatments of priming.
The Germination Value
The result of variance analysis of the influence of priming before (0 month) and after storage (1 month) on the germination value of Trema seeds is presented in Appendix 7 and Appendix 8.
Based on the analysis of variance, priming treatments before storage influenced significantly, but after storage not significantly on the germination value of Trema seeds. The differences were tested by Duncan's ( Figure 4 ). Before storage, seeds treated by hydrateddehydrated priming gave the highest germination value (1.60%) which is significantly different with the others. After storage, the germination value did not give significant difference among all the treatments (Figure 4) .
The germination value is obtained from the multiplication of germination peak value with mean daily germination. Germination peak value (the energy) is closely related to the germination percentage and germination rate values. The faster the germination rate, that accompanied by a high germination percentage, the higher the peak value. This is due to that peak value was achieved from the result of dividing the germination percentage by the number of days needed to reach such germination percentage. A high germination value indicates a good seed vigor which is showing perfection of seed viability. Germination peak value shows the energy (power) of maximum seed germination obtained in a quick certain time. Basically, germination power of a seed lot follows a normal curve pattern. At the first phase it will increase significantly up to reaching a maximum point, then it will decrease eventually (Hidayat, 2007) .
The Growth Uniformity Value
The result of variance analysis of the influence of priming before (0 month) and after storage (1 month) on the growth uniformity value of trema seeds is presented in Appendix 9 and Appendix 10.
Based on the analysis of variance, priming treatments at before and after storage influenced significantly on the values of the growth uniformity value of trema seeds. The differences were tested by Duncan's ( Figure 5 ).
In the treatments of before and after storages, it was known that the seeds treated by priming with hydrated-dehydrated method was able to produce a highest growth uniformity that is 74.75% (before storage) and 72% (after storage) compared to other treatments ( Figure 5 ). So that, the treatment of hydrateddehydrated was the best priming method to be used for trema seeds shown from all parameters measured.
Growth uniformity of germinating seeds is the ability of a seed lot to germinate simultaneously in a certain time. This parameter is one of vigour tests of seed germination capacity. The test gives a real percentage of seeds that capable to germinate normally in the field when the condition was optimum. The growth uniformity indicator identifies the seed vigour of lot seeds, although the growth rate is measured as the percentage of seedlings or normal germination toward all the seeds planted for the specified time (Damanik, 2010) . Figure 5 . Mean values of the growth uniformity value of Trema seeds and their differences test in relation to the priming before and after storage The appropriate treatment method of priming to increase the viability and vigor of trema seeds, both before and after storage is the treatment of hydration-dehydration. Before storage, the treatment can increase the value of germination percentage and speed of germination, respectively of 15% and 0.9 % -etmal of the control. After the storage, treatment hydration-dehydration is able to increase 17% germination percentage and 1.25% -etmal of germination speed. High values of mean daily germination (1.26%) and germination value (1.60%) are achieved when the seeds have not been stored, whereas when the seeds have been stored there is no difference of both parameters among the treatments. In the treatments of before and after storages, it was known that the seeds treated by priming with hydrated-dehydrated method was able to produce a highest growth uniformity that is 74.75% (before storage) and 72% (after storage) compared to other treatments.
IV. CONCLUSION
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